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Abstract — Supercritical carbon dioxide has been suggested 
and is under development for non-thermal pasteurization of 
food and perishable beverages by virtue of its effectiveness in 
microflora and enzyme inactivation. In comparison to 
competitive technologies, it is particularly attractive at 
industrial scale since the liquids can be continuously processed 
with recirculating carbon dioxide. One of the most attracting 
application is the preservation of increasingly interesting 
fresh-like juices of fruits and vegetables, particularly the low 
acidic ones like carrot juice, for which the shelf life can be 
enhanced of about one order of magnitude (from two or three 
days to about three weeks or more) while maintaining the main 
characteristics of the fresh squeezed equivalent. Most of this 
exciting result is directly related to the unique reversible 
acidification action of this technology. In this study it has been 
found that Pectin methylesterase and Peroxidase are actually 
the solely responsible for cloud stability disappearance and 
off-flavor, browning and other enzymatic-related undesirable 
changes occurring during the storage of fresh-like carrot juice, 
under refrigerated conditions. In fact, the level of Polyphenol 
oxidase activity is very low and the level of fat in this juice is also 
very low, thereby nullifying the potential negative action of 
those enzymes that may cause adverse effects by acting on fats. 
In this contest, it has been found, using a semi-continuous 
laboratory apparatus, that a micro-bubbled stream of 
supercritical carbon dioxide at 313 K, 25 MPa and juice/C0 2 
ratio (w/w) equal to 0.33, significantly inactivated the labile 
isoform fraction of PME (above 70%) and of POD (almost 
completely) in about one hour. The values of the stable isoform 
dimensionless activity of the above mentioned enzymes and of 
the inactivation constant were calculating by fitting 
experimental data with a plain, semi-empirical equation 
obtaining the following results: 0.0894 and 0.00345 min' 1 for 
PME, and 0.1072 and 0.04035 min 1 for POD. 

Index Terms — Carrot, Fresh-Like Carrot Juice, Supercritical 
C0 2 Treatment, Enzyme Activity, Cloudiness Stabilization. 


I. Introduction 

A proper diet implies the daily consumption of fruits and 
vegetables (F&V); the quantity depends on several factors 
and can be estimated, knowing the nutrient composition of 
the food, using the dietary reference intakes (DRIs) tables or 
similar methods. Traditionally, F&V were consumed as 
fresh, after simple homemade operations: elimination of 
roots, seeds and other uneatable parts, washing, peeling, 
cutting, and others. However, in developed countries, the use 
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of ready-to-use F&V products became very popular as 
consequence of lifestyle: the ready-to-eat minimally 

processed F&V (MPF)/fresh like F&V, are prepared at 
industrial scale, packed, stored at about 4 °C and distributed. 
It is worth to underline that the shelf life of these MPF is 
significantly higher than that of the corresponding fresh 
product after homemade preparation for eating. An 
alternative way to supply the body with the necessary 
nutrients is to drink the juice obtained from the F&V. In the 
most general sense, juice is defined as the extractable fluid 
contents of cells or tissue [1], while Codex Alimentarius [2] 
defines juice as “unfermented but fermentable, intended for 
direct consumption, obtained by mechanical process from 
sound, ripe plant material, preserved exclusively by physical 
means.” Traditionally industrially made F&V juices are 
strongly concentrated and pasteurized in order to insure 
safety and to reduce handling and transportation costs. 
However, organoleptic, nutritional and functional properties 
of the F&V reconstituted are very far from that of the 
corresponding fresh squeezed [3]. On the other hand, F&V 
juices are very perishable with a shelf life under refrigerated 
conditions of 2 to 4 days. Very recently the F&V marked 
registered an unpredictable interest for “cold pressed” juices 
which are a kind of minimally processed beverages (MPB). 
Actually this product, characterized by a shelf life of about 3 
or even 4 weeks under refrigerated conditions, is a single 
strength F&V juice pasteurized by a non thermal technology 
which implies the use of very high hydrostatic pressure in the 
range from 400 to 1000 MPa (HHP). In the technical and 
scientific literature there are a lot of information regarding 
the application of HHP to a variety of food and beverages [4], 
[5], [6], [7], [8] with special emphasis on the preservation of 
thermo-labile useful compounds. Anyway, although the 
results are often conflicting, HHP is usually considered better 
than thermal pasteurization and consequently became very 
popular in the food industry [9], [10]. However, it can only 
be applied in the batch mode using very costly apparatus 
while, for liquid foods and beverages, one is naturally led to 
imagine a continuous process, possibly under operating 
conditions less drastic. Therefore, a number of non-thermal 
pasteurization technologies for the food and beverages 
industry were proposed and are currently under 
investigation/development [11], [12], [13], [14], [15[, [16]. 
Among these, the one that uses supercritical carbon dioxide 
(HPCD) in a range of pressure between 10 to 40 MPa appears 
very interesting for continuous non thermal pasteurization of 
single strength F&V juices, aiming to obtain a significant 
extended shelf life (ESL), while preserving most of the 
nutritional, sensorial, and functional properties of the raw 
extracts [17], [18], [19]. The purpose of this research is to 
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contribute to show the technical feasibility of HPCD for the 
industrial production of single strength, minimally processed, 
carrot juice (CJ) to be commercialized as safe and high 
quality fresh-like products. The first reason for focalize on CJ 
is the consequence of the “familiarity” of the authors with 
carrots and derived products [20], [21], [22] with the obvious 
consequence that a very rich baggage of knowledge 
concerning cultivation, harvesting, composition, up-stream 
of the raw material, products derivable from it, technologies, 
nutritional and functional properties, and other information 
may be used for the purposes of this work. Moreover, carrot 
is one of the top ten vegetable cultivated in huge amount 
almost all around the world and is rich in bioactive 
compounds like carotenoids with appreciable level of several 
other functional component having significant 

health-promoting properties [23], [24], [25], [26]. Some 
important preliminary considerations and results of this study 
were already anticipated at Food to Life, IV International 
Conference on Foodomics [27]. 

II. Experimental Section 
A. HPCD Pasteurization 

CJ treatment was performed with a semi-continuous HPCD 
micro-bubbles system [28], [29] schematically shown in 
Figure 1. The AISI 329 stainless still reactor with a volume of 
250 ml (NOVA-WERKE, Zurich, Switzerland) was designed 
to withstand a pressure of 70 MPa, at 733 K (Figure 2). A 
weighted amount (190-200 ml) of de-aerated CJ was 
introduced into the reactor that was previously warmed at 3 13 
K by circulating the water from the thermostatic bath in the 
reactor jacket. Then the reactor was closed and sealed to 
avoid leaking and the carbon dioxide stream was 
continuously fed, as refrigerated liquid, at the desired 
pressure using a membrane metering pump (MILTON ROY : 
rate 0-3 Kg/h, P max = 35 MPa). This allows one to obtain a 
good and stable regulation of the rate of the stream, while 
avoiding cavitation. A mass-flow-meter (MICROMOTION, 
D6) located at the exit of the expansion vessel, was used to 
measure and to detect continuously the rate of the carbon 
dioxide stream; in this way it was also possible to collect the 
very small amount of liquid that condensate during the 
expansion of the carbon dioxide stream, from the beginning 
to the end of the treatment. For each experimental test, the 
rate of the carbon dioxide stream was adjusted to a value such 
as the ratio (w/w) of the CJ charged into the reactor to the 
total amount of carbon dioxide circulated from the beginning 
to the end of the run, is equal to 0.33. The micro-bubbles 
were obtained using a fritted glass disk fixed at the end of the 
small pipe, immersed in the liquid, used to inject the carbon 
dioxide into the CJ under treatment. To this purpose, it is 
worth to underline that the carbon dioxide flow very slowly 
and, consequently, it enters in the liquid as gas, although it is 
fed as refrigerated liquid. Moreover, a variable rpm magnetic 
stirring system, with adjustable speed, operated from the 
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outside was used to enhance the contact between the liquid 
and the gas phase. The values of P and T inside the reactor 
were continuously measured and monitored by a pressure 
transducer (HAENNI, EOR430) and a type J thermocouple, 
respectively, with an accuracy of 0.15%. The feed and the 
extraction of the carbon dioxide stream, as well as the 
insertion of the thermocouple and of the pressure transducer 
inside the reactor were made using the three holes located on 
the top of the autoclave, as shown in Figures 1 and 2. At the 
end of each ran the reactor was slowly depressurized and 
suddenly opened to take the treated CJ that was collected in 
two sterile glass bottles and refrigerated at 275 K before the 
analysis. Each experimental HPCD test was made in 
duplicate. Abatement of the microbial charge was not 
quantified since, it was recently well established that, under 
operating conditions even less severe than those used in this 
study, the HPCD treatment was effective in inactivating 
indigenous microbes in low acidic juices [30], [31]. On the 
contrary, the identification of the tissue enzymes that actually 
affect negatively the cloudiness stability (one of the most 
important quality factor for CJ) and other sensorial 
properties, need to be further investigated. 

B. Carrot juice-control sample (CS) 

PGI (Protected Geographical Indication) carrots 
(Daucuscarota L.) officially named “Carote del Fucino” were 
taken, just harvested, from a local farmer that also operate a 
large industrial plant for juicing carrots and vegetables. After 
pretreatment (destalking, washing and peeling), carrots were 
stored at 275 K for a time never longer than three days until 
used for producing the juice by a juice extractor (MULINEX 
FRUTTI-PRO XL). The cloudy juice was divided in three 
parts, bottled, sealed and stored at 275 K; one part was used 
as CS, the others were used to make the HPCD experiments. 
The same procedure was repeated for each HPCD 
experimental test. 



Figure 1 - Schematic diagram of HPCD apparatus: 1. C0 2 
tank; 2. Pressure gauge; 3. Cooling unit; 4. High pressure 
pump; 5. Jacketed reactor, with C0 2 diffuser, magnetic 
agitator and splashguard; 6. Thermostatic bath; 7. 
Micrometric valve; 8. Expansion vessel; 9. Mass flow meter. 
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Figure 2 - Reactor details. 


C. Analysis 

The CS and of the two treated samples (TS) were analyzed as 
soon as possible (CS within max 24 h and TS within max 60 
h, from juicing) in order to quantify the value of pH along 
with the activity of selected enzymes which can deteriorate 
the quality of the juice during the storage. For the carrot juice, 
according to the literature [32], these are the Polyphenol 
oxidase (PPO, EC 1.14.18.1), the Peroxidase (POD, EC 
1.11.1.7) and the Pectin methylesterase or Pectinesterase 
(PME, EC 3.1.1.11). In fact the activity of Lipoxigenase 
(LOX), Lipase and Protease is not relevant since the 
concentration of fat in the carrot is very low (about 2% on 
water free-basis and much lower in the juice); for this reason 
these three last mentioned enzymes were not considered in 
this research. Before being analyzed, both the CS and the TS 
were filtered through 4-lyers cheesecloth. 

D. Determination of pH 

The pH of CS and TS was measured at 298 K with a 
Thermo Orion 868 pH meter (Thermo Fisher Scientific, 
Inc., MA, U.S.A). Values around 6.5 were always found 
regardless of different CS, and of treated and untreated 
samples, as consequence of the reversibility of the CJ 
acidification. 

E. PME activity assay 

Principle - Evaluation of carboxylic groups that are released 
as a result of the action of pectinesterase on pectin. 
Determination of pectinestase activity was carried out with 
autotitrator on 10 g of product to which 20 ml of pectin 
suspension was added. Titration occurs automatically by 
recording the amount of 0.1 N NaOH supplied over time, 
which is necessary to maintain pH at 7.5. Analysis lasted 30 
min or until all pectin was hydrolyzed. Temperature was kept 
constantly at 303 K. 

Apparatus - Automatic titrator with pH- S tat option 
(Metrohm). 


Reagents - Ethanol 95% (A); NaCl 0.15 M (B); Pectin 
solution : to 2 g of pectin (P9135 Sigma) add 4 g sucrose, 4 ml 
Ethanol 95% and 200 ml of NaCl solution. Check the pH 
solution and adjust to pH=7.5 with NaOH 1 M and 0.1 N (C); 
Sample solution : mix 10 g of sample with 200 ml of NaCl 
solution. Check the pH solution and adjust to pH=7.5 with 
NaOH 0.1 N(D). 

Calculation - Pectinesterase activity was expressed as U/g of 
sample( P ■ 0.1 ■ 1000/g, with P=ml NaOH/min and 
0.1=Normality of NaOH used for titration), where 1 U 
corresponds to 1 U eq of acid released by pectin in 1 min. 

F. POD activity assay 
Principle: 

H 2 0 2 + Pyrogallol (donor) 

peroxidase 

> Purpurogallin (oxidized donor) + 2 H 2 0 

Conditions - T=293 K; pH=6; A 42 onm; Light path=l 
cm.Method - Continuous Spectrophotometric Rate 
Determination.Reagents -100 mM Potassium Phosphate 
Buffer, pH=6 at 293 K (A); 0.5% (w/w) Hydrogen Peroxide 
Solution, freshly prepared (B);5% Pyrogallol Solution, 
freshly prepared and keep from light (C);Sample solution: 
prepare 40 ml in Reagent A at pH=6 using 20 g of 
homogenized sample, filter with filter paper and then use 
filtered solution for enzymatic assay (D). 

Procedure - Prepare a reaction cocktail, to be used for blank 
and for test, by pipetting the following volume (ml) of 
reagents into a suitable container: Deionized water (2.10); 
Reagent A, Buffer, (0.32); Reagent B, H 2 0 2 , (0.16); Reagent 
C, Pyrogallol, (0.32). Mix by inversion and equilibrate to 293 
K. Then add 0.10 ml of Buffer and 0.10 ml of sample 
solution. 

Mix again and record the increase in A 420 nm for five minutes 
in order to obtain the AA 420n m/20 seconds using the maximum 
linear rate for both the test and blank. 

Calculation-Units/ml enzyme=(AA 420 nn/20s test-AA 42 o nm /20s 
blank)*3*fd/(12*0.1), with fd=diluition factor; 3=Volume of 
assay (ml); 12=Extinction coefficient of 1 mg/ml of 
Purpurogallin at 420 nm; 0.1=Volume of enzyme used (ml). 
Unit Definition - One unit will form 1.0 mg of Purpurogallin 
from Pyrogallol in 20 s at pH 6 at 293 K. 

G. PPO activity assay 
Principle: 

L — D0PA(L — 3.4 — Dihydroxyphenylalanine) 

polyp henoloxidase (2) 

» L — DOPA - quinone + H 2 0 
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Conditions - T=298 K; pH=6; A 48 on m ; Light path=l 
cm.Method - Continuous Spectrophotometric Rate 
Determination. Chemicals: Sodium phosphate monobasic 0.2 
M; di-Sodium hydrogen phosphate 0.2 M; L-DOPA; NaOH 
0.1 M.Reagent A: mix 438.5 ml of sodium phosphate 
monobasic 0.2 M with 61.5 ml of di-Sodium hydrogen 
phosphate 0.2 M. Check the pH of solution and adjust to 
pH=6 with NaOH 0.1 M;L-DOPA solution: 20 ml made of 
Reagent A and 80 mg of L-DOPA;Sample solution: 50 ml 
made of Reagent A and 5 g of homogenized sample, filtered 
on filter paper. 

Procedure - Prepare a reaction cocktail, to be used for blank 
and for test, by pipetting the following volume (ml) of 
reagents into a suitable container; for blank: 1 ml of Reagent 
A and 1 of ml L-DOPA solution; for test: 1 ml of L-DOPA 
solution and 1 ml of Sample solution. Mix and record the 
increase in A 480 nm for five minutes in order to obtain the 
AA 480n m/min using the maximum linear rate for both the 
blank and the test. 

Calculation - Units/ml enzyme = (AA 480 nm /min test - AA 480 
nm /min blank)*fd/0.001, with 
fd=diluition factor. 

Unit Definition - One unit will cause an increase of 
0.001 /min at pH 6 at 298 K in 2 ml of reaction medium 
containing polyphenoloxidase. 

The raw experimental data for CS resulting from the analysis 
and those for TS resulting from the treatments and analysis, 
are reported in table I. 


hi. fitting of Experimental Data, Results and 
Discussion 

A. Kinetics of P ME and POD inactivation 

As can be seen in Table I, the activity of PPO in both CS and 
TS is always very low and, consequently, the fitting of 
experimental data was restricted to POD and PME. 

This was done by the following equation 

Uj = a s j + (l - a s j ) ■ e(~ k J Pr t ) j = POD or PME (3) 

where: 

a,j is the dimensionless residual activity of POD or PME in 
TS defined as Aj/A 0j ; 

a s j is the dimensionless stable isoform activity of POD or 
PME defined as A S j/A 0 j\ 

Aj is the residual activity of POD or PME in TS, (U/g); 
A 0 jis the activity of POD or PME in CS, (U/g); 

A s j is the stable isoform activity of POD or PME, (U/g); 
kj is the kinetics constant of POD or PME ( min -1 ), at 313 
K and CJ/C0 2 = 0.33 (w/w); 

P r is the operating reduced pressure of supercritical C0 2 
stream, for each test; 
t is the HPCD treatment time (min). 
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Equation 3 was obtained by applying the fundamental 
equation to the labile isoform fraction of the enzyme j and 
assuming a first-order kinetics [33], [34]. Furthermore, 
considering that at 313 K or less the influence of the 
temperature is negligible [35], at least for the duration of the 
treatment, the rate of inactivation is affected only by the 
reduced pressure of the carbon dioxide stream, for any fixed 
value of CJ/C0 2 (w/w). Unlike what normally done [36], the 
above mentioned influence was expressed with a plain 
constitutive equation given by the product between the 
temperature independent kinetic constant, kj ( min -1 ) and 
the always positive dimensionless reduced pressure P r of the 
supercritical C0 2 stream. 

The main motivation for this choice, instead of using the 
linearized Eyring equation [37], is that, unlike the HHP 
treatment, the effect of HPCD on microorganisms and 
enzymesis mainly related to the supercritical C0 2 solvent 
power, or density, and to its reversible solubility in the CJ, 
with the consequent pH lowering during the treatment. 

The values of the two adjustable parameters in equation 3 
(a s j and kj ) were found minimizing the following equation 

S(a s j ,kj)= Y.i=i(a-j p - off) 2 j = POD or PME (4) 

where N is the number of the experimental tests. 

The values of a sj and kj and their corresponding significance 
at 95%, were reported in Table II, along with the most 
significant statistical parameters that are usually calculated to 
assess the goodness of the fitting: 

- the values of the Percent Average Absolute Error 

PAAEj = 100 • (1/A0 zr=i (Kf - <i \K7 ) (5) 

j = POD or PME 

- the values of the Maximum Percent Error ( EPMAXj ) 

- the values of the bias factor [38] 

B fJ = io (1/w) ^=iM<? /<7 )j = POD or PME (6) 

- the values of the accuracy factor [39] 

A fJ = io (1/w) ^= 1 l !ofl «/<f)l j = POD or PME (7) 


- the values of the coefficient of multiple correlation 



j = POD or PME; a, = > cl xv /N 


B. Results and discussion 

Table III and Figure 3 show, in more details, a comparison 
between the measured dimensionless residual activity for 
POD and PME and the corresponding calculated value, for 
each experimental test. 
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Table I - Raw experimental results, at 313 K (CS: Control Sample; TS: Treated Sample). 


test 

sample 

P 

treat, time 



activity [U/g] 



[bar] 

[min] 


PME 

POD 


PPO 

1 

CS 

- 

- 


- 

0.319 


- 

TS 

100 

40 


- 

0.067 


- 

7 

CS 

_ 

_ 


0.690 

0.310 


_ 

Z 

TS 

100 

45 


0.580 

0.057 


- 

o 

CS 

- 

_ 


0.780 

_ 


- 

J 

TS 

150 

40 


0.610 

- 


- 

A 

CS 

_ 

_ 


_ 

0.219 


< 10 


TS 

150 

70 


- 

0.029 


< 10 

c 

CS 

_ 

_ 


0.920 

_ 


_ 

j 

TS 

150 

75 


0.600 

- 


- 

f . ; 

CS 

_ 

_ 


_ 

0.250 


17 

O 

TS 

150 

80 


- 

0.029 


< 10 

7 

CS 

_ 

_ 


_ 

0.383 


_ 

/ 

TS 

150 

90 


- 

0.030 


- 

8 

CS 

_ 

_ 


1.140 

0.427 


_ 

TS 

200 

75 


0.590 

0.048 


- 

9 

CS 

_ 

_ 


_ 

_ 


18 

TS 

200 

90 


- 

- 


< 10 

10 

CS 

_ 

_ 


_ 

0.154 


22 

TS 

200 

110 


- 

0.016 


< 10 

11 

CS 

_ 

_ 


0.800 

_ 


_ 

TS 

250 

60 


0.410 

- 


- 

12 

CS 

_ 

_ 


_ 

_ 


< 10 

TS 

250 

80 


- 

- 


< 10 

13 

CS 

_ 

_ 


0.800 

_ 


< 10 

TS 

250 

90 


0.340 

- 


< 10 

Table II 

- Adjustable parameters with significance at 95% and most significant statistical parameters. 



Enzyme 

a s 


k 

PAAE 

EPMAX 

Bf 

Af 

R 

POD 

0.10720±0.01314 


0.04035±0. 00472 

10.35 

37.58 

1.01 

1.10 

0.94 

PME 

0.08941+0.02632 


0.00345+0.00148 

3.38 

5.49 

0.99 

1.03 

0.99 


As can be seen, the agreement is quite good considering the 
complexity and the variety of the experimental measurements 
required to obtain a value of . 

Finally, Figure 4 shows the behavior of POD and PME 
inactivation as function of the treatment time and for different 
value of the reduced pressure of the C0 2 stream. 

It can be observed how the experimental values of the 
dimensionless residual activity always follow the calculated 


behavior in the whole range of P r and t. Furthermore, the 
figure shows that the HPCD treatment, as performed in this 
study, is significantly more effective for the POD inactivation 
than for the PME inactivation. In fact, the level of 
inactivation of POD is about 90% after 30 min and 20 MPa 
while, a treatment time three times higher and a pressure of 
25 MPa are required to reach a significant level of 
inactivation for the PME. 
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Table III- Experimental and 
residual activity for each test. 


calculated dimensionless 


Enzyme 

test 

a exp 

a cal 

percent 

error 


1 

0.2100 

0.2074 

1.25 


2 

0.1787 

0.1834 

2.66 

POD 

4 

0.1324 

0.1101 

16.88 


6 

0.1160 

0.1085 

6.49 


7 

0.0783 

0.1078 

37.58 


8 

0.1124 

0.1075 

4.41 


10 

0.1039 

0.1072 

3.19 


2 

0.8406 

0.8270 

1.61 


3 

0.7821 

0.7770 

0.64 

PME 

5 

0.6522 

0.6272 

3.83 


8 

0.5175 

0.5406 

4.46 


11 

0.5125 

0.5406 

5.49 


13 

0.4250 

0.4070 

4.23 



Figure 3 -Comparison between experimental and calculated 
dimensionless residual activity. 



Figure 4 - Behavior of POD and PME inactivation as 
function of the treatment time and for different value of the 
reduced pressure of the C0 2 stream. 
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IV. Conclusions 

At 25 MPa, treatment time of about one hour and carrot 
juice/carbon dioxide (w/w) equal to 0.33, non-thermal 
pasteurization of fresh squeezed carrot juice with a 
semi-continuous high pressure carbon dioxide micro-bubbles 
laboratory system is effective. In particular, under these 
conditions, the labile isoform fraction of Peroxidase was 
almost completely inactivated, while that of Pectin 
methylesterase was reduced of more than 70%. 

This is important since these two endogenous enzymes are 
actually the solely responsible for cloud stability 
disappearance and off-flavor, browning and other 

enzymatic-related undesirable changes occurring during the 
storage, under refrigerated conditions, of fresh-like carrot 
juice. 

Overall, supercritical carbon dioxide pasteurization at 313 
K is a promising technique to obtain high quality fresh-like 
carrot juice as save alternative to the corresponding fresh 
squeezed. 

Further work is required to optimize the operating process 
parameters using a continuous pilot plant with recirculating 
C02. 

Acknowledgment 

We thank the national ministry of the university (MIUR) 
for the financial support and all the people that collaborated 
to perform the laboratory tests, and did the analysis. 

References 

[ 1 ] Merriam Webster, Webster ’s Third International Dictionary , 1981. 

[2] FAO, Codex Alimentarius : Vol.6, Fruit Juices and Related Products, 
1992. 

[3] FAO, Principles and practices of small-and medium-scale fruit juice 
processing. FAO Agricultural Services Bulletin, 146, 2001. 

[4] Butz, P., Fernandez Garcia, A., Lindauer, R., Dieterich, S., bognar, A. 
&Tauscher, B., (2003). Influence of ultra highpressue processing on 
fruit and vegetable products. J. of Food Engineering (56), 233-236. 

[5] Oey, I., Lille, M., Van Loey, A. &Hendrickx, M. (2008). Effect of 
high-pressure processing on colour, texture and flavour of fruit-and 
vegetable-based food products: a review. Trends in Food Science & 
Technology (19), 320-328. 

16] Considine, K.M., Kelly, A.L., Fitzgerald, G. F., Hill, C. &Sleator, 
R.D. (2008). High-pressure processing-effects on microbial food 
safety and food quality, a minireview. FEMS Microbiology letters 
(281), 1-9. 

17] Pilavtepe-Celik, M. (2013). High hydrostatic pressure (HHP) 
inactivation of foodborne pathogens in low-acid juices, a review. 
International Journal of food Science&Technology (48), 673-677. 

[8] FDA. Kinetics of Microbial Inactivation for Alternative Food 
Processing Technologies -High Pressure Processing, 18.12.2014, 
http://www.fda.gov/Food/FoodScienceResearch/SafePracticesforFoo 
dProcesses/ucml 0 1 456 .htm 

19] Vervoort, L., Van der Plancken, I., Grauwet, T., Verlinde, P., Matser, 
A., Hendrickx, M. & Van Loey, A. (2012). Thermal versus high 
pressure processing of carrots: A comparative pilot-scale study on 
equivalent basis. Innovative Food Science and emerging 
Technologies (15), 1-13. 

[10] Zhang, H.Q., Barbosa-Canovas, G.V., BalaBalasubramaniam V.M., 
Dunne, C.P., Farkas, D.F. & Yuan, J.T.C., edts. (2011). Nonthermal 
Processing technologies for Food, Wiley -Blackwell and IFT Press. 

[11] Aneja, K.R., Dhiman, R., Aggarwal, N.K. &Aneja,A. (2014). 
Emerging preservation techniques for controlling spoilage and 
pathogenic microorganisms in fruit juices, review article. 
International Journal of Microbiology. Article ID 758942. 

[12] Xiang, B., Sundararajan, S., Solval, K.M., Espinosa-Rodezno, L., 
Aryana, K. &Sathivel, S. (2014). Effects of pulsed electric fields on 
physicochemical properties and microbial inactivation of carrot juice. 
Journal of Food Processing and Preservation (38), 1556-1564. 


76 


www.ijntr.org 


International Journal of New Technology and Research (IJNTR) 
ISSN:2454-4116, Volume-2, Issue-2, February 2016 Pages 71-77 


[13] Quintao-Teixeira, L.J., Soliva-Fortuny, R., Mota Ramos, A. & 
Martin-Belloso, O. (2013). Kinetics of Peroxidase inactivation in 
carrot juice treated with Pulsed Electric Fields. Journal of Food 
Science (78), 222-228. 

[14] Khandpur, P. &Gogate, P.R. (2015). Effect of novel ultrasound based 
processing on the nutrition quality of different fruit and vegetable 
juices. PubMed (27), 125-136. 

[15] Song, H.P., Kim, D.H., Jo, C., Lee, C.H., Kim, K.S. & Byun M.W. 
(2006). Effect of gamma irradiation on the microbiological quality 
and antioxidant activity of fresh vegetable juice. 
FoodMicrobiology( 23), 372-378. 

[16] Welti-Chanes, J., Ochoa- Velasco, C.E. &Guerrero-Beltran, J.A. 
(2009). High-pressure homogenization of orange juice to inactivate 
pectinmethylesterase. Innovative Food science and Emerging 
Technologies (10), 457-462. 

[17] Damar, S., O.Balaban, M. (2006). Review of dense phase C02 
technology: microbial and enzyme inactivation, and effects on food 
quality. Journal of Food Science (71). 

[18] Zhou, L., Wang, Y., Hu, X., Wu, J. & Liao, X. (2009). Effect of high 
pressure carbon dioxide on the quality of carrot juice. Innovative Food 
Science & Emerging Technologies (10), 321-327. 

[19] Wimmer, Z. &Zarevucka, M. (2010). A review on the effects of 
supercritical carbon dioxide on enzyme activity. International 
Journal of MolecularSciences (11), 233-253. 

[20] Ranalli, A., Contento, S., Lucera, L., Pavone,G., Di Giacomo, G., 
Aloisio, L., Di Gregorio, C.,Mucci, A. &Kourtikakis, I. (2004). 
Characterization of Carrot Root Oil Arising from Supercritical Fluid 
Carbon Dioxide Extraction. Journal Of Agricultural And Food 
Chemistry (52), 4795-4801. 

[21] Di Giacomo, G. & Taglieri, L. (2009). A New High-Yield Process for 
the Industrial Production of Carrot Juice. FoodBioprocess 
Technology (2), 441-446. 

[22] Scimia, F . (20 1 4) . Applicazioni dell ’ anidride carbonica supercritica in 
campo alimentare, farmaceutico e biomedico. PhD Thesis, University 
ofL’Aquila (Italy). 

[23] Alklint, C. (2003). Carrot Juice Processing - Effects on Various 
Quality Aspects. Dissertation, Lund University (Sweden). 

[24] Simon, P.W., Freeman, R.E., Vieira, J.V., Boiteux, L.S., Briard, M., 
Nothnagel, T., Michalik& Young-Seok Kwon, B. (2008). Carrot. In: 
Jaime Prohens & Fernando Nuez (eds.). Handbook of Plant Breeding. 
(2), NY: Springer, pp. 327-357. ISBN 978-0-387-74108-6. 

[25] Sharma, K. D., Karki, S., Singh Thakur, N. &Attri, S. (2012). 
Chemical composition, functional properties and processing of carrot, 
a review. Journal of Food Science Technology (49), 22-32. 

[26] FAOSTAT (2013). Database, Food and Agricoltural Organization of 
the United Nations. 

[27] Di Giacomo, G., Scimia, F. & Taglieri, L. (2015). Technical 
Feasibility of Supercritical C02 Treatment for the production of 
Fresh-Like Carrot Juice with a Significant Extended Shelf-Life. IV 
International Conference on Foodomics, Food to Life, 8-9 October, 
Cesena (Italy). 

[28] Ishikawa, H., Shimoda, M., Kawano, T. &Osajima, Y. (2001). 
Inactivation of enzymes in an aqueous solution by micro -bubbles of 
supercritical C02. BiosciBiotechnolBiochem (59), 628-631. 

[29] Ishikawa, H., Shimoda, M., Shiratsuchi, H. &Osajima, Y. (2001). 
Sterilization of micro-organisms by the supercritical C02 
micro-bubbles method. BiosciBiotechnolBiochem (59), 1949-1950. 

[30] Marszalek, K., Skapska, S., Wozniak, L. &Solokowska, B. (2015). 
Application of Supercritical carbon dioxide for the preservation of 
strawberry juice: Microbial and physicochemical quality, enzymatic 
activity and the degradation kinetics of anthocyanins during storage. 
Innovative Food Science and Emerging Technologies (32), 101-109. 

[31] Zhou, L., Wang, Y., Hu, X. & Liao, X. (2009). Effect of high pressure 
carbon dioxide on the quality of carrot juice. Innovative Food Science 
and Emerging Technologies (10), 321-327. 

[32] (2010) Processing Effect on Safety and Quality of Foods. Ed. by 
Enrique Ortega-Rivas, CRC Press, Taylor & Francis Group. ISBN 
978-1-4200-6112-3. 

[33] Quintao-Teixeira, L.J., Soliva-Fortuny, R., Mota Ramos, A. 
&Martm-Belloso, O. (2013). Kinetics of peroxidase inactivation in 
carrot juice treated with pulsed electric fields. J. Food Sci. (78) 
E22-E228. 

[34] Zhou, L., Zhang, Y., Hu, X., Liao, X. & He, J. (2009). Comparison of 
the inactivation kinetics of pectin methylesterases from carrot and 
peach by high-pressure carbon dioxide. Food Chemistry (115), 
449-455. 

[35] Truong, T.T., Boff, J.M. &Shellhammer, T.H. (2002). Effect of 
Carbon Dioxide in High-Pressure Processing on Pectinmethylesterase 
in Single-strength Orange Juice. J. Food Science (67), 3058-3062. 


[36] Ly-Nguyen, B., Van Loey, A. M., Fachin, D., Verlent, I. &Hendrickx, 
M.E. (2002). Partial Purification, Characterization, and Thermal and 
High-Pressure Inactivation of Pectin Methylesterase from Carrots 
(Daucuscarrota L.). J. Agric. and Food Chemistry (50), 5437-5444. 

[37] Gui, F. Q., Wu, J. H., Chen, F., Liao, X. J., Hu, X. S., Zhang, Z. H., et 
al. (2007). Inactivation of polyphenol oxidases in cloudy apple juice 
exposed tosupercritical carbon dioxide. Food Chemistry (100), 
1678-1685. 

[38] Ross, T. (1996). Indices for performance evaluation of predictive 
models in food microbiology. J. Appl. Bacteriol. (81), 501-508. 

[39] Baranyi, J., Pin, C. & Ross, T. (1999). Validating and comparing 
predictive models. International Journal of Food Microbiology (48), 
159-166. 


N. 


T S 


lexl^en 

Research Publication 


77 


www.ijntr.org 


